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ABSTRACT 
'hrlier calculat ions of radiochemical cross sect ions by the usual  
cascq&&-evaporation approach f o r  25- t o  400-MeV protons incident  on alumi- 
num @ carbon have been repeated t o  determine the e f f e c t s  of some of the 
modi$$Wt,&uns made by Pee l le  and Aebersold i n  the  evaporation program 
orig&&ly coded by Dresner. 
agreement of the  calculated dross sect ion with experiment f o r  the two 
For alumhum the e f f e c t  i s  t o  improve the 
J 
reactions calculated,  but f o r  carbon the modifications resu l ted  i n  no 
:hange i n  one case and decreased the agreement i n  another case. 
nost signif icant  change i n  the p a r t i c l e  mul t ip l i c i t i e s  i s  that the  
xvtverage 'nmiber of neutrons evaporated i n  the  higher energy react ions w i t h  
% l a m  is  about 25s higher wheE the modified program i s  used. 
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INTRODUCTION 
The Dresner evaporation program' t h a t  w a s  used i n  e a r l i e r  intranuc- 
lear cascade calculations of reaction cross  section^^'^ has since been 
modified by Peel le  and Aebersold.* The modified version has been used 
i n  recent calculations of radiochemical cross sections* and p a r t i c l e  mul- 
t i p l i c i t i e s  f o r  approximately 200-MeV protons incident  on various ta rge ts .  
"lie r e su l t s  of these l a t e r  calculations will be compared with experimental 
data i n  a forthcoming rep01-t .~ 
differences i n  the r e su l t s  obtained with the two programs, t h i s  paper pre- 
sents  comparisons for a few typical  reactions involving 25- t o  400-MeV 
Since i n  some cases there  a r e  s ign i f icant  
protons incident on carbon and aluminum. 
A l l  t he  cross sections were calculated by the  usual two-step cascade- 
evaporation procedure i n  which the i n i t i a l  reactions a r e  assumed t o  be fast  
par t ic le -par t ic le  reactions tha t  occur inside the nucleus. These reactions 
generate the cascade. When the energies of a l l  the  pa r t i c l e s  i n  the cascade 
f a l l  below a ce r t a in  a rb i t r a ry  energy, the  cascade phase i s  terminated, 
and it i s  then assumed t h a t  the nucleus (which i s  usually i n  a highly 
excited state a t  t h i s  point)  loses energy by the "boiloff" 
of par t ic les .  The modifications t h a t  a r e  referred t o  above a re  i n  the  
program t h a t  handles the evaporation -- the  cascade calculat ion remains 
unchanged. 
or evaporation 
~ 
%e reactions under discussion are  those usually measured by means of 
chemical separation followed by radioactive analysis  of the exposed 
ta rge t ,  and the  term "radiochemical cross sections' '  or "excitation func- 
t ions"  has been used t o  describe the  cross sections.  
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MODIFICATIONS 
A l l  changes ref lected by the Peelle-Aebersold evaporation program 
were not applicable t o  the work reported here;  only those changes which 
strongly a f fec t  the r e su l t s  for  res idual  nuclei  whose neutron o r  proton 
numbers are  10 or l e s s  were used. These were the  estimated masses, the  
shell-plus-pairing-energy terms, and the  pairing terms of Tables 1 
(col .  4), 2 ( co l s .  3 and 6 ) ,  and 4 (cols. 3 and 6 ) ,  respectively,  of 
r e f .  4 . Generally speaking, these modifications supply input parameters 
t ha t  a re  more consistent w i t h  the evaporation model. 
.I 
The unmodified evaporation program tha t  was used here and i n  the 
earlier calculations i s  the same as t h a t  described by Dresner, which in -  
corporates the r e su l t s  of Dostrovsky -- e t  al.,6except t ha t  it involves 
only s i x  par t ic les  -- neutrons, protons, deuterons, t r i t ons ,  3He, and 
alpha pa r t i c l e s  -- of the 19 pa r t i c l e s  used by Dresner. 
COMPARISONS 
The ef fec t  of t he  modifications on a f e w  react ion cross  sect ions 
involving protons on carbon and aluminum ta rge t s  i s  i l l u s t r a t e d  i n  Figs. 
1-4. The cross section fo r  the l2C(p,pn)llC react ion as a function of 
incident  proton energy remains r e l a t ive ly  unchanged (see Fig. 1). The 
effect on the ’‘C(p,3~3n)~Be react ion (Fig. 2) i s  t o  decrease the agree- 
ment with experiment. The e f f ec t  on both react ions with aluminum (Figs. 
3 and 4) i s  t o  improve the agreement with experiment. 
The evaporation neutron and proton mul t ip l i c i t i e s ,  i.e., the  aver- 
age number of protons and neutrons produced i n  the  evaporation process, 
a r e  i l l u s t r a t e d  i n  Table 1. The r e su l t s  obtained with the modified and 
unmodified program are  similar a t  the lowest energies, b u t  there  i s  a 
noticeable divergence i n  most of the r e s u l t s  beyond about 100 MeV, p a r t i -  
cu la r ly  f o r  t h e  aluminum targe ts .  
protons evaporated i s  about 10% higher when the unmodified evaporation 
program i s  used, but the  neutron mul t ip l i c i ty  i s  about 25% lower. For 
carbon, however, the average number of protons evaporated based on the 
For aluminum the  average number of 
6. D. Dostrovsky, Z. Fraenkel, and G. Friedlander, Phys. Rev. -9 116 
683 (1959) 
I -  
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1. 
unmodified program i s  about 10% lower than the number from the modified 
program, but  the neutron mul t ip l i c i t i e s  are about the same. 
These comparisons do not r e f l ec t  the a b i l i t y  of t he  modified evapora- 
t i o n  program t o  predic t  experimental resul ts ,  because such r e su l t s  a r e  
affected by the  rather complicated cascade calculation, which preceded 
the evaporation calculations.  
pare the predictions from t h i s  program with experiments f o r  reactions 
i n  which the  evaporation process i s  the sole  or dominant process. The 
comparisons presented here a re  given so  t h a t  the  users of the data t h a t  
have already been generated and distri-buted3 can see some of the e f f ec t s  
t h a t  modifications of t h i s  type will produce. 
If such a t e s t  i s  desired, one should com- 
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Fig. 1. Cross Section for the  12C(p,pn)11C Reaction vs Incident 
Proton Energy. 
the dash-dotted curve i s  drawn through the  calculated results for which 
the unmodified evaporation program w a s  used; t he  so l id  curve i s  drawn 
through the calculated results f o r  which the  modified evaporation program 
w a s  used. 
The dashed curve i s  drawn through the  experimental data; 
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Fig. 2. Cross Section f o r  the '2C(p,3p%)7Be Reaction vs Incident 
The dashed curve i s  drawn through the  experimental data; Proton Energy. 
t he  dash-dotted curve i s  drawn through the calculated results f o r  which 
the  unmodified evaporation program w a s  used; the so l id  curve i s  drawn 
through the calculated r e su l t s  f o r  which the  modified evaporation program 
w a s  used. 
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Fig. 4. Cross Section f o r  the 2'7Al(p,5p5n)18F Reaction 'JS Incident 
Proton Energy. 
t h e  dash-dotted curve i s  drawn through the calculated r e su l t s  f o r  which 
t h e  unmodified evaporation program w a s  used; the so l id  curve i s  drawn 
through the calculated r e su l t s  for  which the modified evaporation program 
was used. 
The dashed curve i s  drawn through the  experimental data; 
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